The economic value of cereal forage for feeding beef cattle is dependent on both its yield and feeding value (i.e., crude protein, minerals, detergent fiber, energy, digestibility and animal performance). The objective of this study was to identify oat varieties grown in the Peace Region of Alberta, Canada, with superior forage yield and feed quality for beef cattle production. Nine oat varieties were compared in field experiments from 2009 to 2011. Significant differences between the tested oat varieties were observed for the plant height, forage dry matter (DM) yield and several of the protein, fiber, macro minerals, micro minerals, energy and digestibility parameters. Three of the 4 taller oat varieties (Murphy, Foothill, CDC Baler and Waldern) also ranked high in DM. Based on the DM data, Murphy and AC Mustang were identified as the high forage yield potential varieties in the study area. However, most of the quality indicators, used for grouping the varieties, indicated that the low potential DM group (probably due to the presence of CDC SO-I) appeared to have slightly better forage quality than the high and the medium potential forage DM yield groups. The tested oat varieties had sufficient levels of some nutrition parameters but not for some others. Because of these inconsistencies, some form of commercial mineral supplement would be required to optimize the health, growth and reproduction of beef cattle. The implications of the results obtained in this study in relation to beef cattle production system are highlighted.
site (Soil Classification Working Group, 1998) . Soil tests for the top 0-15 cm were conducted prior to seeding (Table 2) . Methods used were loss on ignition for organic matter; water extraction for pH; Mehlich No. 3 extraction (EPA6010) followed by analyses using ICP-OES for P, K, Mg, and Ca (Soil and Plant Analysis Council, 1999) . Nitrate-N was determined using 0.01 M K 2 SO 4 extraction and extract analysed colour metrically (Standard Methods for the Examination of Water and Wastewater. 22 nd Edition 4500-NO 3 ; Automated Cadmium Reduction Method). , Bray 1-P, Bray-1 method of P test.
Experimental Design, Plant Material, Seeding and Crop Management
The experimental design was a randomized complete block with four replications. The following nine feed/forage type oat varieties (treatments) were evaluated at the High Prairie site (2009 and 2011) In each year, the site had been harrowed before seeding. Prior to seeding, a pre-seed weed control was carried out with glyphosate. Plot size was 10 m long 6 rows (23 cm spacing). Seeding rate was 263 live seeds m -2 . A Fabro plot drill equipped with double shoot Atom jet openers was used to seed and apply fertilizers on May 23 in 2009, May 16 in 2010 and May 20 in 2011. All plots received equivalent amounts of fertilizer, based on the soil tests done prior to seeding (Table 3 ). In crop spraying of 0.44 L/ha Prestige A + 1.98 L/ha Prestige B was carried out in 2011 only. (11-52-0) and side banded (46-0-0, 0-0-60, 20-0-0-24) fertilizers were used to apply these nutrient amounts.
Crop Growth and Forage Yield Determination
Plant stand was visually inspected in all plots to assess adequacy of crop emergence after 3-4 weeks of seeding. Prior to harvest, 3 plants/plot were randomly selected and their heights measured. Also, each plot was examined for plant lodging and any > 50 cm gaps in the crop rows to determine the actual harvest area per plot.
The above ground parts of plants were harvested from 6 m long 4 inner rows and weighed fresh. Harvesting was done at the late milk stage; on July 31 in 2009, July 28 in 2010 and August 5 in 2011. About 0.5 kg sub-sample was oven-dried at 50°C to constant weight for forage dry matter (DM) yield and nutritive analyses.
Forage Nutritive Value
The forage nutritive values (reported on dry matter basis) were determined using two dry samples per treatment, composites from replications 1 & 2, and replications 3 & 4. Nitrogen content was measured by Dumas Method (dried, ground tissue combusted with oxygen and analysed by thermal conductivity). For wet chemistry procedures, the dried ground tissue was digested with aqua regia on a hot block digester and the digest analysed by ICP-OES (Western States Laboratory Proficiency Testing Program, 1997). The following variables were calculated from the measured laboratory parameters:
Crude protein yield (CPY, kg CP ha -1 ) = CP x DM (1) Digestible feed energy (DFE, MCal kg -1 ) = 4.4 x (TDN/100) (Bull, 1981) 
Digestible crude protein (DCP, % DM) = 0.929CP -3.52 (Dermarguilly & Weiss, 1970) 
Dry matter intake (DMI, % of body weight) = 120/NDF (Undersander & Moore, 2002) 
Dry matter digestibility (DDM, % DM) = 88.9 -0.779ADF (Undersander & Moore, 2002) 
Relative feed value (RFV, % DM) = (DDM x DMI)/1.29
Tetany ratio = potassium (K)/(magnesium (Mg) + calcium (Ca))
where TDN, CP, NDF, and ADF are total digestible nutrients, crude protein, neutral detergent fibre, and acid detergent fibre, respectively.
Data Analyses
The data for each of the agronomic and forage quality parameters were subjected to analysis of variance (ANOVA) as a split-plot design, with years as main plots and the oat varieties as sub-plots, using the GLM procedure (SAS Version 6, 1990). Where ANOVA indicated significant treatment effects, the means were separated by the least significant difference (LSD) at the 0.05 probability level. Significant differences in the text refer to P<0.05. Of the 31 measured parameters, the ANOVA for only 5 parameters (plant height, DM, NDF, NFC and DMI) indicated significant treatment × year interaction. Therefore, data were averaged across the 3 years for the oat varieties and across the 9 oat varieties for the years. The treatment × year interactions were discussed when significant.
Pearson's correlation coefficients (r) were calculated between selected measured parameters (Table 10) .
The 3-year averages for the agronomic (plant height and DM yield) and some nutritive value indicators (CP, Ca, P, Ca:P, K, Mg, Na, TDN, DDM and DMI) were used for cluster analysis to group the varieties for their forage productivity potential, using the average linkage method (SAS Version 6, 1990).
Results

Agronomic Measurements
Plant Height and Lodging
The plant height was significantly affected by varieties (Table 4) . With the exception of CDC Baler and Waldern, both Foothills and Murphy grew significantly taller than other varieties. Except for the Everleaf and AC Jordan, the CDC SO-I was significantly shorter than other varieties. The tallest variety (Murphy) was 23% taller than the shortest variety (CDC SO-I). Interestingly, the 3 tallest varieties (Murphy, Foothill and CDC Baler) belong to the pure forage type. Though most varieties grew taller >1.00m, no lodging was observed during any of the 3 growing seasons. Everleaf and AC Morgan had significantly higher ADF-CP content than AC Jordan, CDC SO-I and CDC Baler. Everleaf had the most ADF-CP (0.44%) while CDC Baler had the least ADF-CP (0.26%).
Only two (ADF-CP and CPY) of the five CP and CP parameters were significantly affected by growing seasons (Table 4 ). The ADF-CP was highest in 2011 and lowest in 2010. The forage CP yield was significantly different amongst the years, with a sequence of 2009>2011>2010 (Table 4) .
Carbohydrate Fractions and Relative Feed Value (RFV)
The detergent fibers (ADF and NDF) as well as the non fiber carbohydrate (NFC) fractions showed significant variety effects (Table 5 ). Murphy, Waldern and Foothill had significantly higher ADF than AC Jordan, CDC Baler and CDC SO-I. Except for Murphy, Waldern had significantly higher NDF than other varieties. For both ADF and NDF contents, CDC SO-I consistently had the least values. But CDC SO-I had maximum and significantly higher NFC than other varieties (except for AC Jordan and AC Morgan). Vol. 5, No. 7; 2013 Of the ADF, NDF and NFC, only NDF was not significantly affected by growing seasons (Table 5) The significant variety x growing season interaction for NFC showed that it varied from 14.7% for Everleaf in 2011 to 31.0% for Jordan in 2010 (data not shown).
The forage RFV was different between varieties (Table 5 ). The CDC SO-I had greater RFV than other varieties (except for AC Jordan and CDC Baler). Only CDC SO-I had >100% RFV. Both Murphy and Waldern had <90% RFV. The RFV was significantly greater in 2010 than in other years.
Macro and Micro Minerals
The forage Ca, P, Mg, Na and S were significantly affected by varieties while the K was not ( Table 6 ). The CDC SO-I had significantly higher forage Ca and Mg than other varieties (except for Waldern), and also had significantly more S than other varieties (except for AC Morgan and AC Jordan). Both AC Jordan and Everleaf had significantly higher Na values than other varieties. Three of the varieties (CDC Baler, Everleaf and AC Morgan) had significantly higher P content than other varieties. The CDC Baler was mostly in the bottom two for the Ca, Mg, Na and S contents.
Both the Ca:P and tetany ratios were significantly affected by varieties (Table 6 ). Two varieties (CDC SO-I and Waldern) had significantly higher Ca:P ratio than other varieties. The AC Morgan and Everleaf had higher tetany ratio than the AC Mustang and Waldern. Vol. 5, No. 7; 2013 Of the macro mineral contents, and the Ca-P and tetany ratios, only Na was not significantly affected by growing seasons. The forage Ca, Ca-P ratio, Mg and S were all significantly higher in 2010 than in 2009 and 2011. Only K and tetany ratio were more in 2011 than other growing seasons. Increases in 2011 over the 2010 and 2009 was 23-49% for K and 27-135% for tetany ratio.
Two (Cu and Mn) of the 4 tested micro minerals were affected by varieties (Table 7) . Five of the varieties had >5.00ppm Cu content. Waldern had the least Cu content. The CDC SO-I had significantly higher Mn content than other varieties.
All the 4 tested micro minerals showed significant effect of years; with highest Zn, Fe and Mn contents in 2010, followed by 2009 and then 2011 (Table 7) . For Cu, the 2009 had the highest level, followed by 2010 and then 2011. CV, coefficient of variation.
Energy Parameters
The forms of energy measured were significantly affected by varieties, and showed similar trends (Table 8) . Generally, CDC SO-I, CDC Baler and AC Jordan had similar and significantly higher values than other varieties. Both Waldern and Murphy were consistently the bottom 2 varieties for the energy levels. Vol. 5, No. 7; 2013 Similarly, the measured energy parameters were significantly influenced by the growing season ( 
Estimated Feed Digestibility and Intake
Of the estimated feed digestibility and dry matter intake parameters (Table 9) , only the DCP was not affected by varieties. The CDC SO-I had higher DFE and DDM than other varieties (except for CDC Baler and AC Jordan). The CDC SO-I had significantly higher DMI than AC Mustang, Foothill, Murphy and Waldern. Generally, CDC SO-I, CDC Baler and AC Jordan were mostly in the top 3 for estimated DFE, DDM and DMI, while both Waldern and Murphy were consistently the bottom 2 varieties for these parameters. Vol. 5, No. 7; 2013 
CV, coefficient of variation.
Of the digestibility parameters (Table 9) The significant variety x growing season interaction showed that the CDC SO-I in 2010 had higher DMI (2.39%) than the other variety x growing season combinations (data not shown).
Pearson's Correlation Coefficients (r)
The DM yield was positively correlated to plant height, ADF, NDF, P, K, and Mg (Table 10) . On the other hand, the DM was negatively correlated to CP, TDN, Ca and S. The CP was correlated positively to TDN but negatively to DM and plant height. The positive relationship between DM and P or Mg was relatively greater than observed between DM and K. Of the relationships examined, only the correlation between the DM and Na was not significant. S.E., standard error.
Classification of Varieties Using Cluster Analysis
Varieties were classified into 3 groups for forage production potential (Table 11) : high (2 varieties: Murphy and AC Mustang), medium (3 varieties: CDC Baler, Foothill and Waldern) and low (4 varieties: CDC SO-I, Everleaf, AC Jordan and AC Morgan). Average forage DM yield for varieties in the high and medium group was 1192 and 699 kg ha -1 higher than for varieties in the low potential group, respectively. 
Discussion
The findings from the present study are discussed as relating to selecting oat varieties for use in the beef cattle production systems, with focus on nutrition quality in relation to the National Research Council (NRC, 2000) nutrient requirements of beef cattle (Table 12) . 
Agronomic Measurements
Differences in plant height among varieties are expected due to genetic make-up of the varieties. The significant effect of variety on plant height in present study is in agreement with previous findings (Kibite et al., 2002b; Chohan et al., 2004; Hussain et al., 2005) . The observation that Murphy grew tallest followed by Foothills was similar to the findings of Kibite et al. (2002b) The observation that Murphy ranked 1 st in DM among tested varieties is similar to earlier findings by Kibite et al. (2002b) . The ability of both Murphy and AC Mustang to produce more DM than other varieties probably has to do with their adaptation to growing conditions in Alberta (Kibite et al., 1995 (Kibite et al., , 2002b . The DM yields obtained in present study (4.67-6.78 t ha -1 ) were much lower than those observed in other parts of Alberta (7.72-8.72 t ha -1 ) by Kibite et al. (2002b) . Also, Baron et al. (2012) reported 9.86 t DM ha -1 yields for the AC Murphy in Lacombe, Alberta. The lower yields in the present study compared to the earlier studies (Kibite et al., 2002b; Baron et al., 2012) could be due to the differences in soil moisture availability, weather and soil type. For example, the water supply (spring soil moisture plus rain) during the 2009 and 2010 and both the maximum and minimum temperatures during the all the 3 growing seasons were lower than the long-term averages for the area (Table 2) . Based on the DM yield for 2009, there seems to be potential for some of the varieties tested here to produce DM in the ranges obtained by Kibite et al. (2002b) and Baron et al. (2012) .
Though 2011 had higher total of SSM + rainfall (Table 1) Vol. 5, No. 7; 2013 moisture content. This means that plants were able to utilize the available spring soil moisture more efficiently for their early growth, which probably led to better seedling vigour and subsequent crop performance.
Forage Quality
CP and CP Fractions
The lack of significant effect of oat varieties on forage CP in this study is similar to the findings on a set of barley varieties tested on same sites (Gill et al., 2013 ) and a different set of oat varieties tested in a different environment (Habib et al., 2003) . Our findings, however, differ from those of Kibite et al. (2002b) , who observed higher CP values (ranging from 11.9-13.8% CP) and significant difference in CP among oat varieties. Also Gill et al. (2013) reported a generally lower forage CP contents for the forage type barley varieties tested in the Peace Region than those reported from elsewhere in different environments (e.g. Baron et al., 2012; Juskiw et al., 2000; McCartney & Vaage, 1994) . The lower CP values in the present study and those of barley (Gill et al., 2013) compared to other locations could be as a result of differences in soil type, crop management practices and weather. In both the present study and Gill et al. (2013) , the effect of weather is indicated by a tendency of higher CP average in drier year of 2010 compared to the 2009 and 2011. Reduced forage CP with higher DM in 2009 and 2011 is thought to have been a result of dilution effect. Research efforts aimed on management practices to improve CP of forage oat varieties in the Peace Region environment are therefore suggested. Whether or not increased levels of N fertilizer or change in seeding dates would have any significant improvement in CP contents of these varieties warrants further investigation.
Considering the CP contents of oat varieties in the present study (6.45-8.26% CP), only 5 of the 9 varieties were able to meet the 7% protein requirements of cows in the mid-pregnancy stage (Table 12) . Further, none of the varieties tested had adequate amount of CP needed by cows in the late pregnancy and lactating stages as well as by growing heifers. Similarly, no varieties had sufficient amount of CP needed by the medium frame heifers (weighing 318 kg and need 9% CP; NRC, 2000). Only Everleaf had within the suggested 8-9% CP level (NRC 2000) for a 24 months plus mature bull. From the CP results in the present study, it is evident that using most of oat varieties grown in Peace Region would require some form of protein supplementation.
Carbohydrate Fractions and Relative Feed Value (RFV)
The forage fiber content, ADF and NDF, is a strong predictor of forage quality, since it is the poorly-digested portion in the cell wall. The ADF and NDF in the present study were generally higher than the values reported for oat varieties elsewhere in Alberta (Kibite et al., 2002b; Baron et al., 2012; McCartney & Vaage 1994) .
Six NDF and ADF based forage quality standards (prime, 1, 2, 3, 4 & 5) have been described for beef cattle (Ball et al., 2007; Rasby & Kononoff, 2008) . None of the 9 varieties qualified for the prime standard (<31% ADF and <40% NDF). Three varieties (CDC Baler, AC Jordon and CDC SO-I) met the ADF standard 1 criteria (31-35% ADF). For NDF, 7 varieties were within standard 3 of forage quality (54-60% NDF), and 2 varieties (Murphy and Waldern) qualified for the standard 4 (61-65% NDF). Considering that as ADF and NDF increase, both digestibility and consumption of forage usually decrease, it will be sufficed to say that when all the varieties are presented side by side to cows in a preference study, the CDC SO-I, CDC Baler and AC Jordan varieties would likely be consumed more.
Generally, NFC is more rapidly digested than fiber. It is a significant source of energy for the rumen microbes. The microbes also use NFC to make microbial protein. The CDC SO-I, AC Jordan and AC Morgan in that order had the top three NFC values, indicating more energy and microbial protein sources in the rumen.
The RFV combines estimated NDF and ADF into a single index. When forage has a RFV value above 100, it may or may not be superior quality forage (Schroeder, 1994) . This is because the ADF and NDF values that generate the value of 100 may be relatively high, thus the forage would not be considered any better than average. This is not the case in the present study, because the varieties with top three RFV's (AC Jordan, CDC SO-I, and CDC Baler) resulted from lower ADF and NDF values when compared to other varieties tested. This therefore indicates their superior quality forage over the other varieties. Using the quick guide to forage allocation by cattle class described by Schroeder (1996) , all oat varieties tested (except for Murphy and Waldern) were well within the suggested RFVs for beef cows . But all varieties fell short of the suggested RFV values for replacement heifers (115-135 RFV) and back grounding stockers (125-150 RFV).
Macro and Micro Minerals
Selecting the correct mineral supplement is important for maintaining optimal health, growth and reproduction of beef cattle (NRC, 1996; Stewart, 2010) . All varieties met and even far exceeded the Ca requirements for dry gestating cows (both in the mid and late pregnancy stages). Five (Everleaf, Foothill, AC Morgan, Waldern and CDC SO-I) of the nine oat varieties also met the growing and finishing cattle requirements. But all varieties fell short of meeting the Ca needs of lactating cows.
None of the tested varieties were able to meet the P needs for any classes of the cows. The resulting Ca:P ratios obtained for all varieties in the present study were within the range of 2:1 and 7:1 suggested for mature beef cows (Alberta Agriculture and Rural Development, 2004) . All the evaluated varieties far exceeded the suggested amounts of K and Na needed by growing and finishing beef cattle and dry gestating cows as well as lactating cows. Similarly, all varieties sufficiently met the Mg requirements by growing and finishing beef cattle, while 2 (Baler and Foothill) varieties fell short of Mg content needed by dry gestating cows. A cautionary note, high K concentration may cause Mg deficiency (Loredo et al., 1983) .
Four (CDC Baler, AC Murphy, Foothill and Mustang) of the varieties did not meet the S requirements. As earlier noted by Rayburn (1997) , the availability of S to animals is greater when they obtain it from forage rather than from a mineral supplement. Thus when S is deficient in the forage, it is suggested to use S fertilizer.
According to Alberta Agriculture and Rural Development (2004) , an increasing number of cattle herds have recently exhibited tetany-like problems. Most typical tetany happens when spring-calving cows with young calves (less than 3 months old) are turned out to lush spring grass. Also, tetany occurs before calving in winter, when cows are being fed grass hay, grain hay, or straw. Cowbytes, a ration balancing software, indicates that this ratio should not exceed 2.2 (Alberta Agriculture and Rural Development, 2004) . But in the present study, tetany ratio were generally >2.2 for all varieties. Another criterion is also used to evaluate tetany danger of forage Mg for lactating or pregnant beef cows (Bohman et al., 1980) : tetany prone (<0.12% Mg), marginal (0.12 to 0.18% Mg) and adequate-nontetany state (>0.18% Mg). Considering the Mg results, 7 varieties were in the marginal level and 2 varieties were in the tetany prone range. Thus Mg supplementation may be needed when feeding these cows the forage from the tested varieties grown in this region.
Trace mineral deficiencies (such as Cu and Zn), toxicities, and imbalances require the animal to metabolically compensate for the nutrient deviation (McDowell, 1992; Underwood & Suttle, 1999) . In doing so, certain metabolic diseases can be produced and overall animal performance can be reduced (McDowell, 1992; Underwood & Suttle, 1999 
Energy Parameters
The energy levels of forage/feed are indicated by the TDN, NE L , NE M , NE G and ME. The TDN is the sum of the digestible fiber, protein, lipid, and carbohydrate components of a feed or diet.
All the 9 oat varieties screened had sufficient amounts of TDN for beef cows during the pregnancy and lactating stages. But, none of the varieties had sufficient amount of TDN required by growing calves. Thus, feeding any of these varieties to growing calves would require additional energy source(s) to meet the TDN requirement.
The tested oat varieties either met or exceeded the suggested NE M levels for mature pregnant and nursing cows as well as growing steers and heifer calves.Similarly, all varieties were well within the suggested NE G values for growing steers and heifer calves. Looking at the ME values in the present study, only CDC SO-I, CDC Baler and AC Jordan were barely able to meet the daily ME requirements of 2.23 to 2.54 mcal/kg of beef cows weighing 408-635kg at the earlier lactation stage (NRC, 1984) .
The significant positive association found between plant heights and forage DM yields could infer that plant height might be an important agronomic character in breeding and selection for forage oat varieties. This also indicates the importance of plant size in predicting forage yield under the given environmental and management conditions. The negative correlations of CP to plant height and DM may have been due to a dilution effect on the CP contents. Increased N fertilizer application may be a means to improve the level of protein content in the promising varieties to meet the protein needs of dry gestating (particularly at the late pregnancy stage) and lactating cows. In their study Kibite et al. (2002b) did not report any correlations between measurements for the oat varieties tested in central and northern Alberta, but inspection of their data indicates the possibility of negative relationships of the CP to DM and plant height. Negative associations of DM yields to CP and TDN could also mean that there is a need to obtain both nutritive and yield information on varieties grown for green feed, swath grazing, silage or grazing in this environment.
Classification of Varieties Using Cluster Analysis
The average forage yields for varieties in the high, medium and low potential groups were 6766, 6273 and 5574 kg ha -1 , respectively (Table 11 ). All potential groups had sufficient amount of K and Na needed by growing / finishing, dry gestating and lactating cows; and were also within the suggested TDN values for the different beef cattle categories. However, the groups were not consistent in meeting the CP, Ca and Mg requirements of beef cattle. Though the low potential group had the lowest average forage yield, but the nutritive value indicators appeared to be slightly in favour this group. The forage quality of the low potential group was thought to be improved by the presence of CDC SO-I, indicating that CDC SO-I could substantially help reduce feed supplementation costs compared to other varieties tested here. Research efforts on methods (such fertility, seeding rate and seeding date) geared towards increasing forage yield of CDC SO-I in the Peace region would therefore be useful. Growing mixtures of higher yielding and greater nutrition level varieties may be another option to achieve an optimal yield and nutrition level combination.
Summary and Conclusions
To improve forage management and utilization and also to accurately develop supplementation programs for forage-based production systems, it is important to know how the nutritional values of forages match up with beef cattle needs. Significant differences between the tested oat varieties were observed for the following measurements: plant height, DM, detergent fibers (NDF & ADF), ADF-CP, NFC, some mineral contents (Ca, Mg, Na and S), all forms of energy (TDN, NE G, NE L, NE M and ME), some digestility parameters (DFE, DDM, and DMI), and RFV. In the present study, 3 of 4 taller oat varieties (Murphy, Foothill, CDC Baler and Waldern) also ranked high in DM. Except for Foothill and Waldern (with lower CP contents than others), the tested oat varieties had sufficient CP needed by cows in the mid-pregnancy stage (7% CP). The K, Na, and Zn requirements for all classes of mature beef cattle were far exceeded by the tested oat varieties.
The oat varieties were not consistent in meeting the P, Mg, S, and Cu requirements of growing and finishing beef cattle, dry gestating and lactating cows. Because of these inconsistencies, some form of commercial mineral supplement would be required. Similarly, feeding these oat varieties to cows in the late pregnancy stage and lactating cows, which require 9 and 11% CP, would require some form of protein supplementation. Of the 9 varieties tested here, CDC SO-I had the least tetany potential with 0.15% Mg.
Based on the DM data, Murphy and AC Mustang were identified as the high forage yield potential varieties in the study area. However, most of the quality indicators used for grouping the varieties indicated that the low potential DM group (probably due to the presence of CDC SO-I) appeared to have slightly better quality than the high and the medium potential forage DM yield groups.
